Felix had to remain at home for a time except for a period which he spent in a chemical factory in Holland. Eventually, however, he got his own way, returned to Vienna and took up the study of mycology.
When war broke out in 1914, Felix asked to be assigned to a bacteriological laboratory and was first posted to the military hospital in Wlodowice near his home. Weil, who was in charge of the No. 5 Austrian Mobile Epidemio logical Laboratory, came to hear about Felix, arranged for his transfer, and assigned him first to a study of the effects of volatile organic chemicals on lice, since steam disinfestation of clothing was not always practicable in the field. The main purpose of Weil's unit, as of some others, was the investi gation of typhus fever. It was known that typhus was a louse-borne disease, but the causal agent had not been identified. There were already indications that this disease 'of war and famine' might cause serious trouble on the Eastern Front, as indeed it did; immense epidemics were to occur in Poland, in Russia and in Serbia. There were difficulties in clinical diagnosis of typhus fever in its early stages and confusion had arisen because blood tests in cases which had been vaccinated against typhoid seemed to indicate that the illness was due to an enteric infection. The question had been raised whether there was another disease clinically resembling typhus fever, but caused by a highly virulent and toxic typhoid-like bacterium. It was in the course of enquiry into this problem that the Weil-Felix reaction was dis covered in the autumn of 1915. It was found that a bacillus that had been isolated from a case of typhus was agglutinated not only by the patient s serum but by other typhus sera. This organism, for reasons which will be stated later, was not immediately identified and Weil and Felix at first thought that they had isolated the causal organism of the typhoid-like disease supposed to simulate typhus fever. However, it was soon identified as a member of the saprophytic Proteus group and a number of other Proteus X strains were isolated. Since these organisms were manifestly not the cause of typhus fever, their relationship to typhus became a first-class immunological puzzle which was only partly solved many years later by Castaneda and Zia when they showed that one of the antigenic substances of typhus rickettsia occurs also in Proteus X.
Although the further observations of Weil and Felix and of others seemed to confirm that the presence of agglutinins for Proetus X in a patient's blood was diagnostic of typhus, their conclusions met with much criticism and dis belief. In order to obtain further evidence in another area, Felix went to the German Red Cross Military Hospital in Constantinople in October 1916. He rejoined Weil in the following January and soon afterwards they reported that some Proteus X strains have two qualitatively different kinds of antigen which they called H and O. They rapidly extended these observations and showed that H and O types of antigen are also present in organisms of the enteric group.
In March 1918 , German and Austrian troops occupied the Ukraine and Weil and Felix moved to Kherson near Odessa. Shortly afterwards, rapid changes in the political and military situation caused them hurriedly to abandon their laboratory. They packed up their materials and records, loaded them on cattle trucks and set out for Prague by rail but over two months were to elapse before they got there. Both became ill with an enteric infection and Weil was completely incapacitated most of the time, while Felix guarded the materials night and day. Many times the truck was shunted to a siding for investigation of its passengers and their baggage. The boxes, sometimes suspected of containing ammunition, were nearly confiscated several times. The explanation that they contained cultures from cases of typhus and typhoid undoubtedly saved them from being torn open on the spot, but on one occasion resulted in the trucks being shunted to a lonely siding and left there for two weeks. Eventually they got their precious materials and records to Prague after an epic journey of which, unfortunately, no written account is extant. Before Felix left for Palestine, he and Weil pre pared a detailed account of the typhus work they had done together. When the manuscript was completed it was left with Weil to be sent to the pub lishers. However after Weil's death it was found to have disappeared myste riously together with all the relevant protocols for the years 1916 to 1920 and all Felix's efforts to locate them were unsuccessful.
The partnership between Weil and Felix continued for a further two years after the end of the war until events provided Felix, who had deep Zionist convictions, with an opportunity to work in Palestine. In 1921 he was appointed Director of the Bacteriological Laboratory of the Hadassah Medical Organization in Tel Aviv and in the following year he became Chief Bacteriologist of the Jerusalem Laboratory. Weil planned to'join Felix in Palestine and his death from typhus in 1922 was a severe blow, for not only did Felix have the highest possible regard for Weil's scientific genius but the two men had a very great affection for each other.
Felix remained in Palestine for six years, accomplishing much original work under difficult conditions. His laboratory was poorly equipped, there was much miscellaneous work to be done and he held the responsible post of Chairman of the Health Council in the Palestine Zionist Executive. Although Weil's and Felix's work on Proteus X had been widely recognized, their work on enteric organisms had, as Felix complained in 1924, 'remained for a long time unrecognized'. Felix now began to publish in English as well as German and his classic paper on 'Qualitative receptor analysis in its application to typhoid fever' attracted much attention and no little criticism. Among those who became interested in Felix's methods and views were Arkwright and Ledingham, both of the Lister Institute of Preventive Medicine. Following a considerable scientific correspondence, Felix visited them in 1927. Impressed by the sympathetic interest shown in his work and by the contrast in labora tory facilities available in London and in Palestine, he asked to be allowed to come and work in the Lister Institute. This was arranged and he resigned his post in Palestine in November 1927. He was appointed first to the Jenner Memorial Research Studentship and, in April 1931 , to the staff of the c6
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Bacteriology Department of the Lister Institute. In London he continued work on the Weil-Felix reaction, but was mainly occupied with problems in the serology, serum treatment and vaccine prophylaxis of enteric infections. In 1934, with the collaboration of Miss S. R. M. Pitt, he discovered the Vi antigen of the typhoid bacillus and in his characteristic way proceeded methodically to work out the details and the practical implications of this discovery.
When war was declared in 1939 he was seconded to the Emergency Public Health Service. From the School of Pathology, Oxford, he was moved in 1940 to the London School of Hygiene. A year later he was trans ferred to the National Institute for Medical Research, Hampstead, and in November 1942 to the Wellcome Institute, where he remained until the end of the war. His chief contributions during this period were the development of applications in this country of typhoid Vi phage typing and of Vi agglu tination tests in suspected chronic carriers. He also discovered some new phage types of S. typhi and developed a scheme for the phage typing of S. para typhi B. In December 1945 he resigned from the Lister Institute in order to continue in the Public Health Service which was to be created from the 'Emergency' war-time nucleus. He was the unquestionable choice for the Directorship of the Central Enteric Reference Laboratory which was to be organized in the Central Laboratory of the Public Health Service at Colindale in North London. Early in 1946 he visited Canada and the U.S.A. for the main purpose of detailed discussions on enteric phage typing and typhoid vaccine with experts in these countries and, on his return, moved to the Colindale Laboratory.
Felix had devoted much attention to the need for international standardization of the Weil-Felix reaction and enteric agglutination tests. With the development of enteric phage typing, he became equally concerned with the need for international standardization of this method, appreciating clearly the pressing urgency of the problem. Through his intensive efforts the International Committee for Enteric Phage Typing was formed during the Fourth International Congress for Microbiology held in Copenhagen in 1947. He was appointed Joint Chairman and his laboratory in Colindale was appointed the International Reference Laboratory in the scheme adopted. As new countries joined the international scheme for enteric phage typing and the burden of his correspondence increased steadily, his satis faction was mingled with apprehension for the future of his work when he would have to retire from the Public Health Laboratory Service in the spring of 1953. He was given accommodation in the Lister Institute and there he worked with undiminished determination. His time was divided between the completion of experimental work and acting as Secretary of the Inter national Committee for Enteric Phage Typing. He died suddenly and unexpectedly on 14 January 1956, a few weeks before he was due to retire completely from laboratory work.
Felix's genius lay in an 'infinite capacity for taking pains'. He cultivated a narrow field in his experimental studies, but he did so systematically, tenaciously and intensively. Although in some ways lacking in imagination, he showed an unusual perspicacity in regard to observations which could be developed and applied in the practical fields of diagnosis and prevention. He drew his scientific inspiration from Weil and the greater part of his life's work was built on the foundations they had laid together. The origin of Felix's intensely practical outlook is less certain, but he was undoubtedly greatly influenced by his experiences during the first war. He had no medical training and no practical experience of bacteriology to speak of until he became Weil's assistant. In the four years that followed, his intensive experi ence of the type of human suffering brought about by epidemic diseases must have deeply affected him. My own impression is that his reserved and enigmatic personality concealed an unwavering conviction of a special mission in life.
Felix was practical and methodical in all that he did. His laboratory work was conducted not only with the greatest care but with the greatest respect for the pathogenic organisms used in it. His records were neatly entered and annotated in variously coloured inks on foolscap sheets ruled in quarter-inch squares. Letters received on technical matters were carefully studied and sentences and words were often marked according to some private colour code. Records and correspondence were meticulously filed. Often, during discussions on enteric phage typing, I have envied the certain and unhurried way in which he quickly assembled, droning quietly and contentedly to himself as he did so, all the relevant protocols and correspondence bearing upon some intricate point. He had a passion for detail and was sometimes unsparing of it when a more concise summary or a more rapid presentation might have served.
He took the greatest pains to ensure the correctness of his observations which he repeated and repeated until he was satisfied, but this did not always guarantee him freedom from errors of interpretation. He formed his opinions slowly and having formed them, held them tenaciously and courageously though sometimes, even in his later years, he was somewhat inclined to be on the defensive and to regard criticism of his interpretation as criticism of his technique and accuracy of observation.
Although Felix's circle of scientific friends and acquaintances was world wide, few knew him with any degree of intimacy. Very far from being unfriendly, he was at the same time reserved and difficult to know even when there was a bond of common scientific interest. He was a familiar figure at the meetings of many societies from all of which he derived a deep enjoyment, for his interests outside his own field were unobtrusive but extensive. He did not lack for humour even if the expression of this was sometimes unrecognized, because so unexpected, and he often had a great deal of amusement from hearing about the researches of others, particularly virologists, of whom he once said: 'Virologists have always been, and still are, rather a greedy species; they swallowed Rickettsia, they conquered bacteriophage, cancer is always in danger of being subjugated by them, and it is difficult to see where they are going to stop. 5 The way in which his mind worked was sometimes difficult to follow and sometimes he seemed to find an equal difficulty in understanding the views of others. He was a formidable opponent and, on occasion, could be exaspe rating and stubborn even with his friends. These, however, forgave him much, for there was something loveable about Felix; he could be extremely charming and kind, capable of great patience and gentleness, and with the capacity of attracting a very real and sincere affection.
In January 1956, Felix had virtually completed the work he was endeavouring to finish before he finally retired from the laboratory bench. Travelling and walking were his main recreations and he was eagerly look ing forward to a long holiday abroad. The first Proteus X strain was isolated on 15 September 1915. Weil and Felix had been posted to East Galicia and were engaged in a bacteriological and serological study of cases of typhus in a hospital there. A Roumanian physician who had been examining the cases on admission, contracted the disease. A Gram-negative bacillus isolated from his urine was found to be agglutinated by his serum and also by sera from other cases of typhus. Initially this organism was non-motile and thought to ferment lactose. Consequently it was not immediately recognized as belonging to the saprophytic Proteus group and Weil and Felix at first thought that they had isolated the causal organism of a typhoid-like bacterial disease which had been confused with typhus. The reaction of the organism to typhus serum appeared to be specific and cultures were supplied to neighbouring field hospital laboratories. Weil sent a culture to Bail, his former chief who was Professor of Bacteriology at Prague, and they also sent a preliminary communication to the Wiener Klinischen Wochenschrift. Bail tested the culture on typhus sera from the Serbian front and obtained positive reactions. He added a postscript to Weil and Felix's paper in which he referred to the reaction as the WeilFelix reaction.
Further strains of Proteus X were isolated by Weil and Felix and by other workers. At first X2 was used for the Weil-Felix test, but was soon replaced by the more sensitive X I9 strain. Although it was obvious that B. proteus X was not the causal organism of typhus, some puzzling facts about its relation ship with typhus fever came to light. It was isolated from only a small propor tion of cases of typhus, but could not be recovered from sources unrelated to the disease. The strains isolated were antigenically distinct from Proteus strains from other sources in that they had the 0 X 2 and 0X 19 antigen which caused them to react with typhus sera. Weil and Felix examined 126 cultures of B. proteus v u l g a r i s , including practically all those which existed in 1918 in the collections of universities and institutes in Germany and Austria and none was found to possess the X antigen. On the other hand they found that Proteus strains associated with typhus in various parts of Europe and Asia Minor were X strains; 24 being type X2 and 31 type X I9. They also examined 225 cases of typhus in the 1915-16 epidemic in Eastern Galicia and all but two were found to have agglutinins for the X2 organism. Later, Felix in a series of 300 typhus cases from Asia Minor found the reaction with X I9 positive in all, although 22 per cent were negative with X2.
In view of this and other facts, Weil and Felix in 1921 advanced the hypo thesis that in some cases of typhus the causal rickettsia was transformed into B. proteus X. This hypothesis was almost universally rejected on the grounds that the X organisms were neither capable of producing typhus nor of induc ing immunity thereto. Nevertheless, Felix's belief in the hypothesis of trans formation remained unshaken. His last published discussion of the trans formation hypothesis was in 1933. It was a disappointment to him that out of the tremendous volume of research which was carried out on typhus during the 1939-45 war, no evidence for the transformation hypothesis was forthcoming.
Although Felix continued his work on typhus fever when he came to London he confined himself to the serological examination of sera from cases of typhus-like diseases from various parts of the world. Despite this restriction, Felix, in his position as the international authority on the WeilFelix reaction and out of his unrivalled knowledge of the serological com plexities and pitfalls, contributed substantially to the classification of the rickettsial diseases of man in the period between the wars. He dealt vigorously with those who claimed that the Weil-Felix reaction was not 'clinically' specific but due to a polyagglutinating quality peculiar to the blood serum of typhus cases. With Miss Rhodes, he confirmed the important observation of Fletcher and his co-workers that the epidemiologically different urban 'shop' typhus and rural 'scrub' typhus were serologically distinct according to their reactions with B.
Proteus X I 9 and a variant thereof called th bury strain.
In 1922, Felix had investigated the antigenic variability of proteus X in vitro. The results of this enquiry were rather alarming and it was suggested that the wide range of variability observed might invalidate the serological diagnosis of typhus. However, no evidence was obtained at that time that the 6o Biographical Memoirs serological variations obtained in vitro affected the O antigen shared with rickettsia. Felix exhaustively investigated the K strain of Fletcher and Lessler, satisfied himself that this was a variant derived from the original X I9 culture, and concluded that it represented another serological X type. He introduced the symbol XK for the Kingsbury variant and advanced the thesis that the rickettsia of various typhus-like diseases correspond to various types of B. proteus X and, further, that serum reactions with the Proteus types 0X19, 0X 2 and OXK reflected the relationship obtaining between different typhus rickettsia in regard to cross-immunity. His acceptance of the hypo thesis of transformation from rickettsia to B. proteus X led him to believe that only diligence was required to isolate the appropriate X strain for the serodiagnosis of each immunologically distinct type of rickettsial infection.
The Weil-Felix reaction provided in most instances the first evidence of the generic relationship between certain 'unclassed' fevers and typhus, thus opening the way to experimental studies and demonstration of their rickett sial nature. In 1935 Felix suggested a scheme of immunological subgroups of typhus-like diseases, type 0X 19 (epidemic and murine typhus), type OXK (scrub typhus) and undetermined types giving group reactions with 0X 19, 0X 2 and OXK.
During the 1939-45 war, Felix served on the Typhus Committee of the Medical Research Council and carried out further work in connexion with the Weil-Felix reaction. Two of his reports were published. One of these deals with 'The typhus group of fevers: classification, laboratory diagnosis, prophylactic inoculation and specific serum treatment.' The other report deals with the technique and interpretation of the Weil-Felix reaction. Although the specificity and immunological importance of the labile anti gens of louse-borne and murine typhus rickettsia had been established by North American workers and purified suspensions of rickettsia were available in specialist typhus laboratories for serological tests, the Weil-Felix reaction remained, as Felix insisted, diagnostically useful and had the advantage of giving a positive reaction in the majority of cases of typhus five or six days earlier than rickettsial suspensions. Felix carried out tests of 0X 19 agglutinin responses in a considerable number of volunteers inoculated with various typhus vaccines and showed that these vaccines differed considerably in this respect. The antigen shared by typhus rickettsia and B. proteus X I9 is heat stable and Felix drew the inevitable analogy between Vi and O antigens of typhoid and the heat-labile and heat-stable antigens of rickettsia. He argued that the heat-stable antigen, therefore, acted as an endotoxin, that the corre sponding 0X 19 antibody would function as an anti-endotoxin and recom mended the use of 0X 19 immune serum in combination with anti-rickettsial serum for the treatment of louse-borne typhus. A number of horses were immunized to produce a high titre of 0X 19 serum but no opportunity seems to have arisen for any adequate trial of this.
From time to time Felix was very vexed by the unsatisfactory techniques used by many workers for the Weil-Felix test. The fault really lay with the writers of certain text books. After the second World War, Felix stressed the necessity of standardizing the test and his recommendations for this were published in the Bulletin of the World Health ,1950. His suggestion o f 'international serum standards' for 0X 19, 0 X 2 and O X K were accepted by the expert committee on biological standardization of W.H.O.
The great advances made during the 1939-45 war in the cultivation and immunology of the rickettsia and in the prophylaxis and control of typhus in no way diminished Felix's prior contributions. His work provided essential stepping-stones to progress when experimental investigation was difficult* tedious and hazardous.
H AND O ANTIGENS
The following summary of the observations leading to the discovery of H and O antigens is taken from Felix's 1924 paper on 'The qualitative receptor analysis in its application to typhoid fever'.
'In the course of experimental investigations, the purpose of which was to clear up the nature of the diagnostic reaction in typhus fever of Weil and Felix, the following striking fact was, in the first place, to be investigated: the Proteus-X-strains (type X2 and type X I9) reacted with a serum of typhus cases or convalescents in an entirely specific manner. . . . But they reacted on the one hand, with the serum of patients, and, on the other hand, with artificial rabbit immune serum in an entirely different m anner: the serum of patients agglutinated Proteus X I9 generally many times higher than Proteus X2 (10, 20 and even 100 times higher); immune serum of X2 or X I9, on the other hand, regularly had the same titer for both types. The agglutination in the serum of the patients resulted relatively slowly and in small, firm flakes; in immune serum, on the other hand, very quickly and in large, loose flakes. Sapro phytic Proteus strains of the most diverse origins showed strikingly strong agglutination with immune serum (often to the end of the titer); with the serum of patients, on the other hand, they did not react at all. In the serum of patients the agglutinins were almost completely destroyed by heating to 60°C; in immune serum on the other hand, they remained intact. These striking facts formed, for several years, the subject of numerous investigations on the part of many Austrian and German authors. They were at first so incomprehensible and so inconsistent with the existing views of immunology, that they led to the forming of the most varied hypotheses, which were dis cussed as theories of the Weil-Felix reaction. All these hypotheses have been, it is true, long since refuted by Weil and Felix as entirely untenable, but they are even now cited in literature, in an uncritical manner.
'Weil and Felix succeeded in the year 1917 in solving this complicated problem in the following manner: they ascertained that the X-strains exist in the artificial cultural medium in two forms, which differ from each other morphologically, biologically and serologically and which have been known since in the literature by the name of O-form and H-form.* They represent two forms of variation of the same micro-organism and are mutually trans ferable into each other. We are concerned here only in the serological differences of these two variants. They can be represented as follows: the immune serum of the O-form (0X19 or 0X 2) contains only one agglutinin, which reacts specifically only with the homologous bacilli and agglutinates them small-flakedly (O-agglutinin): the immune serum of the H-form (HX19 or HX2), contains two agglutinins, the specific small-flaking O-agglutinin and a non-specific, large-flaking H-agglutinin, which reacts with the heterologous just as it does with the homologous bacilli. The antigen of the O-forms con sists accordingly of one type of receptors (O-receptors); the antigen of the H-forms, on the other hand, contains two types of receptors (H-and Oreceptors). ' It seems strange that Weil and Felix missed the important point, that the spreading character of B. proteus colonies 'mit ' was due to their motility and that the H antigen is associated with flagella. Braun and Schaffer noticed this in 1919 and it became apparent that Weil and Felix had independently arrived at the hypothesis of two antigens, flagellar and somatic, advanced by Smith and Reagh in 1903 for the hog-cholera bacillus. These earlier observa tions seemed at the time to be of merely academic interest. A decade later, advances in bacterial serology, particularly in the antigenically complex typhoid-salmonella group where many antigens are shared in different ways between the different species, had brought about a state of considerable confusion which was further complicated by the discovery of S-R (smoothrough) variation. Weil's and Felix's contribution was not so much the dis covery of the H and O antigens of Proteus and enteric groups, but the fact that their meticulous and painstaking work brought order out of confusion, clarified diagnostic serology and paved the way to improvements in vaccine prophylaxis. It must be admitted that in the earlier stages of their work on the double receptor structure of organisms of the Proteus and enteric groups the intricate observations and rather abstract arguments of Weil and Felix were not too easy to follow. I feel, as I did 30 years ago, that Felix's complaint that hardly any attention had been given to their work outside Germany and Austria, was due not only to this but to their reluctance to equate the H antigen with flagella.
Q u a l i t a t i v e r e c e p t o r a n a l y s is
The widespread use of typhoid and paratyphoid vaccines during the 1914-18 war led to great difficulties in the interpretation of serodiagnostic tests. In persons who had been inoculated at an earlier date, typhoid and para typhoid agglutinins were apt to reappear in the blood under the non-specific stimulus of a variety of other fevers. For example, Weil and Felix found that a considerable number of persons who had been inoculated against typhoid, showed, during the course of typhus fever, a rise in typhoid agglutinins that previously had been known only in active typhoid infection. The Widal test, which had for so many years been one of the most valuable methods of diagnosis of enteric infections thus lost its value when 'it ceased to become a simple reaction and became a complicated serological problem'. The liveliest controversies arose in the English and German literature regarding the nature of the non-specific stimulation of typhoid agglutinins in other fevers, and over various claims that improved serological methods eliminated the practical difficulties. The problem of the serodiagnosis of enteric fevers in inoculated persons was not solved during the 1914-18 war, and when Felix went to Palestine he was again confronted with it because all immigrants were required to be inoculated with T.A.B. vaccine. Realizing the limita tions and ineffectiveness of the universally employed quantitative methodsthe titration of serial dilutions of serum against the test organisms-he pro ceeded systematically to apply the following facts that he and Weil had elicited concerning the double receptor structure of enteric organisms: (1) The labile H antigen is specific for each one of the four species. (2) The stable O antigen consists of main receptors, which are specific for each of these species, and of group receptors which may show cross relationships among themselves. In an elaborate clinical investigation Felix examined 1200 blood speci mens from non-inoculated and inoculated persons, some 500 of which came from 250 cases of typhoid or paratyphoid fever. These were tested with cultures of strains of S. typhi (2 strains), S. paratyphi A and B and S. enteritidis. These five strains were carefully selected to simplify the independent estima tion of H (large flaking) and O (small flaking) agglutinins. One of the typhoid strains was 901, important because of its extreme sensitivity to O agglutinins. Because of the importance of distinguishing the qualitative differences between H and O types of agglutination, Felix called his method 'qualitative receptor analysis'. Although it did not solve all the problems of the serodiagnosis of enteric fevers, it constituted a considerable advance.
Felix also applied the method in reverse for the identification of organisms of the typhoid-paratyphoid group. For this he used H sera in dilutions beyond their O titre and O sera prepared by inoculating rabbits with cultures heated to 100°C, to destroy the H antigen. He claimed that: 'The qualitative recep tor analysis in most instances allows the differentiation of the bacteria of the typhoid and paratyphoid group on the basis of investigation with a single dilution of immune serum.' To many bacteriologists who had grown accus tomed to the complexity of quantitative agglutination tests, this idea was revolutionary and, to begin with, unacceptable. Felix was well aware of the antagonism that might be aroused to the qualitative receptor analysis method, for in his 1924 paper he states: 'It is certain that the test of our proofs will also bring many instances of non-confirmation of these results for the techniques of this method require special care and it is liable to create many sources of error if careful attention is not paid to the details described. ' Felix also investigated the relationship between bacteraemia and type of agglutinins present in the blood. He found that large-flaking (H) agglutinins on the one hand and bacteraemia and clinical course on the other hand, showed no regular relationship whatever. However, small-flaking (O) agglutinins did so in one of two ways. When small-flaking agglutinins appeared early, bacteraemia was either not observed at all or found to exist only for a short time and at a low level. Severe or fatal cases developed either very little O agglutinin or none at all. From these relationships he hazarded the opinion that 'the seroprognosis in typhoid fever seemed thereby to have become possible5.
The concluding portion of Felix's important paper on 'The qualitative receptor analysis in its application to typhoid fever' (1924) deals with protec tive inoculation against typhoid and paratyphoid. He remarked 'to the unbiassed reader whose judgment has not been impaired by the school of opinion current for years, the thought will already have occurred: the above reported results of the application of the qualitative receptor analysis in typhoid fever urgently require a revision of the views concerning the value of preventive inoculation against typhoid and paratyphoid'. He had been unable to demonstrate O agglutinins following antityphoid vaccine and had found them absent or present only in small amount in severe and fatal cases of typhoid. Consequently, 'as antityphoid vaccination, however, causes no changes whatever in the appearance and quantity of these agglutinations in the course of typhoid fever, then no influence can be expected from it on the clinical symptoms.' 'We are well aware of the fact that we shall arouse very great opposition with these conclusions.' 'The facts ascertained by this form of analysis point to the conclusion that antityphoid vaccination, in the form now practised, gives no hope for protective action because it only produces antibodies against the labile antigen, but in order to be efficient it should produce antibodies against the stable antigen. It only remains, therefore, to find a method of vaccination which will fulfil this demand. ' In a further paper on qualitative receptor analysis, Felix and Olitzki (1925) reported the results of bactericidal tests with sera from typhoid con valescents and from immunized animals. H sera, from which O agglutinins had been removed, were found devoid of bactericidal activity. On the other hand, O sera were strongly bactericidal. Further, S. typhi and S. enteritidis, sharing the same O antigens, possessed the same bactericidal amboceptor; group-amboceptors were found for S. typhi and S. paratyphi A and B corre sponding with the minor O group-agglutinins.
When Felix came to the Lister Institute, he collaborated with Dr Muriel
Robertson in applying the methods of qualitative receptor analysis to the group of the spore-bearing anaerobes. They showed, by means of agglutina tion and agglutinin absorption tests, that Clostridium septicum and Clostridium tetani possessed H and O antigens analagous to those recognized in aerobic species having a double receptor structure. Failure to demonstrate that the presence or absence of the H antigen had any effect on the intensity of com plement fixation confirmed Felix's belief in the ' "purely stabilotrophic" nature of the complement-binding immune body.' Felix, in observations on which his double receptor hypothesis is based, made a mistake in concluding that the H receptor plays no part in comple ment fixation reactions. This was unfortunate because it cast serious doubt on the adequacy of some of his techniques: with his usual scrupulous care he had adopted standardized conditions giving adequate and consistent results in complement fixation tests with O antigen and antibody. These, quantita tively, were such that the H reaction was inhibited by prezone effect. Ironi cally, he fell into a technical trap of his own devizing.
In 1928, he presented a scheme which he described as 'an attempt to formulate a general conception of the bacterial immune bodies'. According to this double receptor hypothesis, the labile antigen (H receptor) partici pates only in agglutination and precipitin reactions; the effective agent in complement fixation, as well as bactericidal and opsonic serum effects, consists purely of the interaction of the stable O antigen and the O or stabilotropic immune body. 'One serum body; and one only, namely the stabilotropic immune body, seems to be involved as the sole important factor in those phenomena of humoral immunity specified above.' This statement is followed by the remark 'this hypothesis will, of course, meet with much criticism'. Indeed, the climate of opinion in some quarters was not well disposed towards Felix's ideas or methods. Practical bacteriologists were endeavouring to become oriented with much new, but incomplete and, therefore, confusing, knowledge about serological variation, such as smoothrough variation, diphasic variation of flagellar antigens and the serological complexity of the Salmonella group.
The acceptance of Felix's methods as a practical tool for the serodiagnosis of enteric fevers was undoubtedly hindered by the terminology he used and by his initial insistence on the use of freshly prepared suspensions of live pathogenic organisms. It had long been the practice to use, for diagnostic purposes, bacillary suspensions killed and preserved in bulk by means of formalin or phenol. Although such suspensions retained their H agglutinability they were quite unsuitable for the demonstration of O antibodies. However, in 1917, Bien and Sonntag had shown that an alcohol-treated suspension of B. proteus X was suitable for the diagnosis of typhus. Later, Felix and Olitzki investigated this method of preservation and were unable to demonstrate any adverse effects on O agglutination. They, therefore, adopted the suggestion of Schiff (1925) that two differently preserved suspen sions of each organism should be used in the routine diagnosis of enteric fever, namely, (1) an alcoholic suspension for O agglutination and (2) the usual phenol or formalin suspension for H agglutination.
In 1930, in a brief and lucid account of the technique of qualitative serum diagnosis of enteric fevers, Felix wrote that 'this method has been alluded to as "somewhat of a mystery" . While this statement does not appear to be justifiable, it must be admitted that the new method is unknown to clinical pathologists.' Actually, when these words were written the attitude of indifference or criticism to which Felix was so sensitive was definitely on the wane. The first edition of Topley and Wilson's Principles of bacteriology and immunity (1929) In 1949, the World Health Organization Committee on Biological Standardization accepted Felix's proposal to prepare eight horse antisera for use in the standardization of agglutinable suspensions employed in the serological diagnosis of typhoid and paratyphoid infections. Sera were pre pared in horses in co-operation with the serum department of the Lister Institute of Preventive Medicine at Elstree and dried in ampoules in the Department of Biological Standards, National Institute for Medical Research, London. In 1954, Felix and Bensted reported on seven of these dried standard agglutinating sera and made proposals for their further examination on an international basis and for their future use. These stan dards comprised sera for typhoid (H, O, and Vi), paratyphoid-A (H) and paratyphoid-B (specific H, non-specific H and O) agglutination. It was recommended that these international standards be issued only to approved national laboratories for biological standards to enable them to prepare and distribute Standard Agglutinating Sera based on the corresponding inter national standards and to issue agglutinable suspensions tested against the corresponding Standard Agglutinating Sera.
T h e V i a n t i g e n o f S. typhi
In 1934, Felix demonstrated by in vitro tests, a new antigen peculiar to virulent strains of S. typhi. The recognition of this Vi antigen was unexpected because of the vast amount of serological work that had preceded it. Actually most of this work was irrelevant, but some early clues had been missed. It was well known by 1904 that freshly isolated strains of S. typhi were sometimes inagglutinable in rabbit antiserum prepared against a stock reference culture. In 1920 Weil and Felix recorded striking differences in the agglutinability of different strains of S. typhi by anti-O sera. Felix selected strain 901 for use in his qualitative receptor analysis method because of its remarkable sensitivity to O agglutination and strain Ty2 for its high resistance. Later, with Olitzki, he noted that such highly sensitive strains were also so highly susceptible to the bactericidal action of normal serum that they could not be used in bactericidal tests.
In 1930 Grinnell reported on the results of comparative bactericidal tests with the blood of human beings before and after receiving the customary course of prophylactic inoculations with a vaccine prepared from a smooth, freshly isolated strain of S.
typhi and with a vaccine made from strain. The bactericidal power of the blood of those receiving the smooth vaccine showed a considerable increase, that of those receiving the Rawlings vaccine was, if anything, slightly decreased. The Rawlings strain had been isolated in 1903, but although it had become increasingly difficult to main tain in the smooth form, the British vaccine and most of the U.S.A. and Canadian ones were still being prepared from it. Grinnell (1937) next under took a study of Rawlings strains from 18 different U.S.A. laboratories engaged in making antityphoid vaccine. He developed a mouse test for the virulence of different strains and for assessing the immunizing potency of vaccines. These tests depended on the development of infection and toxaemia and death within two days in mice inoculated intraperitoneally with rather large doses of fresh culture. At the same dose level the recently isolated strain killed 38 out of 40 while the Rawlings strains killed only two out of 60 mice inoculated. The results in mice receiving vaccines were striking; only the vaccine prepared from the freshly isolated strain gave significant protection. Perry, Findlay and Bensted, of the Pathological Department of the Royal Army Medical College, quickly confirmed and extended Grinnell's observa tions. They succeeded in rejuvenating their Rawlings strain by selective mouse passage so that it became highly virulent and highly efficient as a vaccine for mice. They also showed that recently isolated strains of S. typhi differed considerably in virulence.
It then occurred to Felix that the difference in virulence of strains of S. typhi such as had been observed by Perry, Findlay and Bensted, might be due to difference in serum sensitivity and that virulent strains should be resistant to O agglutination. Using a number of selected strains, Felix and Pitt in 1934 reported that the virulence of these for the mouse was closely associated with their resistance to O agglutination at 37°C. Inagglufinable strains such as Ty2, Watson and Giglioli, were highly virulent whereas the highly agglutinable 901 and degraded Rawlings strains were of low virulence. Felix and Pitt interpreted their results in terms of natural O antibody; 'it seems justifiable to assume that the natural resistance to infection with this type of organism depends on the presence, in the invaded host, of an adequate quantity of this antibody'. They found that the agglutinability of virulent strains was annulled when the organisms were killed by heat or alcohol and concluded that some 'obscure property' is required to render the O antigen resistant to O agglutination. They also vaccinated mice with heat-killed suspensions of the highly virulent strains Ty2 and Giglioli and the agglu tinable strains Ty8 and Rawlings and then tested for immunity by intraperitoneal inoculation with a lethal dose of a virulent Ty2 culture. The clear-cut results seemed to indicate that the virulent inagglutinable strains possessed an antigen which stimulated a powerful protective antibody. However, there were difficulties in reconciling this interpretation with other observations. All efforts to demonstrate an antigenic difference between virulent and non-virulent strains by agglutination and agglutinin absorption tests had failed. Further, as already mentioned, it had been found that when virulent organisms were killed by heat their inagglutinability was annulled, yet vaccines so prepared protected against an otherwise fatal dose of living virulent organisms. It therefore seemed that the protective antigen, already indicated by the work of Perry, Findlay and Bensted, was not demonstrable by in vitro tests. It was at this point that Felix proceeded to immunize rabbits with living cultures. On analyzing their serum by agglutin and agglutinin absorption tests, he found that those injected with virulent cultures developed, in addition to H and O agglutinins, another antibody which agglutinated the O resistant virulent strains. Felix showed that the corresponding antigen was the 'obscure property' which rendered living virulent cultures resistant to O agglutination by O antiserum and called it the Vi or virulence antigen. This new antigen which had eluded Felix for 15 years in his careful sero logical studies of typhoid and caused him to attach exclusive immunological significance to the O antigen came, as he admitted, 'as somewhat of a surprise'.
In his preliminary communication on the Vi antigen, Felix not only showed that Vi antibody agglutinated virulent O resistant strains, but also reported other experiments indicating the importance of this antibody in passive pro tection tests. He also confirmed the findings of Perry, Findlay and Bensted that more virulent strains made more efficient vaccines as judged by mouse tests.
The discovery of the Vi antigen was an enormous advance. It placed in the hands of investigators all over the world a simple agglutination test which could be immediately exploited in the investigation of epidemiological problems of typhoid. The fact that this antigen was to prove complex in its character and require a great deal of intricate investigation did not impede such practical applications, but did delay the fulfilment of Felix's hopes for effective serum therapy and a typhoid vaccine of unquestioned superiority.
As soon as the immunological significance of the Vi antigen became appa rent, steps were taken in collaboration with G. F. Petrie to produce Vi + O antiserum in horses for the treatment of typhoid cases. Two horses were given a preliminary course of heat-killed bacilli to prepare them for the final course of living organisms. However, Felix found that high titre Vi agglutinating sera could be obtained in rabbits by a course of injection of formolized extracts of Vi cultures and thus it seemed that the difficulties and risks fore seen in the injection of virulent living typhoid bacilli into horses, might be avoided by giving the horses a second course of formolized extracts. This hope had to be abandoned when further experimental work by Felix and Bhatnagar showed that the Vi antibody elaborated in response to formolized Vi antigen in rabbits is not identical with that obtained from immunization with 'natural' Vi antigen contained in living bacilli. The antiserum produced by formolized preparations was found to be highly deficient in phagocytosispromoting activity and in power to protect mice against virulent strains of typhoid. Accordingly, the two horses received a final course of living virulent bacilli. One became ill with continued fever and fully confirmed previous fears of the risks involved by passing virulent typhoid bacilli in its urine. This difficulty was overcome by applying the discovery of Felix and Pitt of rough Vi variants derived from virulent strains, which, lacking the O antigen, were non-virulent. However, technical difficulties inherent in the use of living cultures remained. Numerous attempts were made to discover a method of preparing a sterile antigen capable of replacing the 'natural' Vi antigen of living typhoid bacilli. These included an alcohol-treated vaccine and the anti genic fractions prepared by Topley and Raistrick and by Henderson and Morgan respectively. All these attempts failed because sufficiently high titres of Vi antibody could not be obtained. The method finally adopted was to immunize horses with alcohol-killed vaccine and select those with the highest agglutinin titres for a rapid course of further immunization with a living rough Vi variant.
The preliminary clinical trials of the new Vi + O antityphoid serum were carried out in the autumn of 1934 in Palestine, under the auspices of the Colonial Office. A series of 34 cases, ranging from mild to very severe, was treated. The moderately severe and severe cases responded in a manner suggesting a marked antitoxic effect due, presumably, to the O antibody. On the other hand, none of the cases showed improvement attributable to the Vi antibody, but few were treated early enough to benefit from the expected anti-invasive function of this antibody.
Further laboratory investigations by Felix and his colleagues showed that although virulence depended on the combined presence of Vi and O antigens, Vi antibody alone was sufficient to confer passive protection in mice. A joint investigation with the Palestine Department of Health showed that recently isolated strains of typhoid contained Vi antigen and also that Vi antibody was not readily elaborated as a result of an attack of typhoid fever. Felix, there fore, persevered towards his objective of an antityphoid serum containing an effective amount of Vi antibody as well as O antibody and devoted much careful effort to the problems of laboratory testing and standardization of typhoid serum. There was no immediate opportunity for an adequate con trolled clinical trial of this serum and the war intervened. Some favourable reports on the serum appeared, but opinion was divided regarding its value. It held its own against sulphonamides and penicillin, both of which proved ineffective in the treatment of typhoid, but when the effectiveness of chloram phenicol was established, the routine use of antityphoid serum was abandoned.
In his first paper on the Vi antigen, Felix discussed its significance as regards typhoid immunization and indicated that preliminary investigations on its stability and other properties would have to precede the development of a more efficient typhoid vaccine. When it was found that alcohol-killed typhoid bacilli stimulated in the rabbit abundant Vi antibody of full protect ing and opsonizing power, an experiment was arranged to test the antibody response to such a vaccine in the human subject. The results were encourag ing but disappointment followed when samples were tested in rabbits six months later and it was found that their capacity to stimulate Vi antibody was almost entirely lost. The problem of producing a stable Vi vaccine suit able for routine use was not solved until Wilson suggested that instead of removing the alcohol and adding one of the usual preservatives employed to keep vaccines sterile, alcohol might be used as a preservative. This suggestion was soon found to be a most valuable one and in 1941 Felix described the preparation of alcohol-killed and alcohol-preserved T.A.B.C. vaccine, and with Retford and Stokes, reported on the antibody response and systemic reactions to it in human subjects. The new type of vaccine was first used by the Emergency Public Health Laboratory Service for the inoculation of civilians; it was adopted by the Royal Air Force in 1943 and by the Army in 1944. In November, 1949 Felix and Anderson started tests on three of the vaccines made in February 1940 and kept at 1 to 2°C, and they found that their power to stimulate Vi and O antibody was unimpaired. The stability of the vaccine having thus been demonstrated, Felix made recommendations for 'The preparation, testing and standardization of typhoid vaccines'. In this paper he discussed the most important sources of error in mouse protec tion tests and severely criticized the use of the mucin technique. He offered suggestions for routine examination in the course of preparation of the vaccine and the efficient control of the potency of typhoid vaccine and recommended standardization of this potency in terms either of an alcoholpreserved or dried vaccine serving as 'standard vaccine'. The assessment of the immunizing potency of typhoid vaccines and the comparison of different typhoid vaccines still presents great difficulties. Typhoid fever cannot be reproduced in experimental animals and its epidemiological features make adequate comparative field trials an almost unattainable ideal. Those which have been carried out have neither shown that alcoholized vaccine is strik ingly superior nor inferior to other kinds. Felix's contention that alcoholtreated vaccine is superior to ordinary heat-killed phenolized vaccine is based on its capacity to stimulate development of circulating Vi antibody in the rabbit and man and on his conclusion that the main biological function of the Vi antigen 'is to protect the O antigen against the action of the natural or immune O antibody, thereby protecting the bacterial cell against phago cytosis and the bactericidal action of serum'.
Felix, Krikorian and Reitler in an investigation undertaken as a corollary to the first clinical trials of the new antityphoid serum in Palestine, found that Vi antibody was not readily elaborated as a result of an attack of typhoid fever and was, therefore, of little diagnostic value in typhoid patients. Observ ing, however, a significant titre of Vi antibody in the blood serum from a typhoid carrier they suggested that Vi agglutination tests might be useful in the detection of typhoid carriers. Bacteriologically, this is often a difficult task, particularly when excretion of S. is intermitten the suggested serological test was investigated by many workers abroad, most of whom found that the frequency of a positive Vi reaction in chronic typhoid carriers ranged from 25 to 100 per cent. Despite the fact that this test may be negative in some chronic carriers and may occasionally yield a false-positive reaction in non-excretors of typhi or individuals harbouring a Vi strain of Bad.
c o l i , it provides a useful screening test for carrier suspec It is also useful in detecting in convalescence individuals who may pass into the chronic carrier state. In 1945 the Vi testing of recovered typhoid patients became a routine procedure in Britain. Together with typhoid phage typing, this test has advanced the control of enteric fevers by simplifying the detection of the chronic carrier.
Earlier difficulties with the Vi agglutination test were due to the fact that it requires much greater care than the H or O agglutination tests, but the technique was much simplified with the introduction by Felix of preserved suspensions and also by the discovery by Bhatnager of strain Vi 1 which is a pure reagent for the demonstration of typhoid Vi agglutinins of a standard agglutinating T Vi serum and a standard agglutinable T Vi suspension. Felix then worked to prepare the way for the necessary standardization of this and other diagnostic agglutination tests by international agreement, the key to this standardization being the 'international serum standards' referred to on p. 66.
i
O t h e r V i a n t i g e n s
It was inevitable that Felix should search, at the earliest possible oppor tunity, for 'Vi antigens' in paratyphoid organisms. In 1936, with Pitt he reported the presence of labile somatic antigens in S. paratyphi A and S. para typhi B which they regarded as analogous to that of typhi. That of S. para typhi A was specific, but that of S. paratyphi B and S. typhi murium were identi cal. Just before this Kauffman had discovered that the Vi antigen of S. typhi occurred in some strains of S. paratyphi C and, a few years later, even in some strains of Bad. coli. Felix found that the demonstration of the new 'Vi anti gens' was difficult because the effects of their presence on virulence, Oinagglutinability and immunological properties are less conspicuous than those of the Vi antigen of S. typhi. He, therefore, attempted to characterize these antigens further in terms of their lability to various chemical and physical agents.
Initially Kauffman was in favour of accepting such labile somatic antigens as a new class of antigens for incorporation into the Kauffman-White Schema of Salmonella antigens. However, he soon found that the 'Vi antigen' of S. paratyphi B was the 'O-factor V ' of the Kauffman-White Schema. Later, as his intensive work on the diagnostic serology of the Salmonella and Coli groups revealed a still greater complexity of antigenic structure he introduced new designations and finally created a new K series of surface and capsular antigens which included the typhoid Vi antigen, the M (mucoid) antigens of Salmonella species and the L, A, and B antigens of Bad. coli. Kauffman con sidered this justified; he did not feel it necessary to subdivide the K antigens for the practical purpose of the diagnostic Kauffman-White Schema. Felix was convinced that the typhoid Vi antigen was the prototype of a series of antigens presented in Salmonella and other Enterobacteriaceae. He vigorously rejected and attacked Kauffman's classification, for the relegation of the typhoid Vi antigen to a position of minor importance in Kauffman's classification wounded him deeply.
E n t e r ic p h a g e t y p i n g
The discovery of the Vi antigen of S. typhi raised the question of whether typhoid fever was invariably due to infection with the Vi form. Investigations in various countries showed that with few exceptions all freshly isolated strains were Vi strains, although some might degrade rapidly. All of these, irrespective of source, were serologically identical; in brief, there appeared to be only one kind of virulent typhoid bacillus. As a result of the increased attention given to the Vi testing of strains immediately on isolation, bacterio phages which specifically attack Vi cultures, but are inactive in the absence of the Vi antigen, were discovered independently in Canada, France and Holland in 1936. With Yen, I showed that my Canadian strains of Vi phage could be divided into four distinct groups, differing serologically and in other respects. One of these, a type II phage, gave us a good deal of trouble until it was realized that its inconsistent behaviour on propagation was due to an unusual ability to adapt itself to the strain of S. typhi on which it was being grown. For example, if grown on Ty2, the phage obtained was some 106 times more active against Ty2 than Rawlings. When grown on Rawlings, the ratio of activities was reversed. Additional adapted prepara tions were made for other strains having a high relative resistance to the Ty2 and Rawlings phage preparations. By suitably diluting these potent phage preparations a set of working preparations was obtained, with which it was possible, by means of a simple plate technique, to identify Vi strains similar to the strain to which the phage had been adapted.
It was soon established that strains which are epidemiologically related are of the same phage type. By 1940, 18 types and subtypes of S. typhi had been identified by means of adapted preparations of the original Vi phage II, and this phage typing method applied to the epidemiological investigation of numerous outbreaks of typhoid in North America and elsewhere.
In the early stages of the development of typhoid phage typing Felix did not attempt to use the method although he showed considerable interest. In 1939 it was discovered by others that while most of his cultures of the Watson strain were type F, as they should have been, some were type A. Felix, understandably, was rather perturbed about this because either some of the cultures had changed, unknown to him, or a mistake in identity had been made some years earlier. Fortunately, soon afterwards another observation, the significance of which was unknown to me at the time, more than made amends. Like many others I had assumed that Felix had isolated the classical strains, Ty2 and 901, in Palestine. Over the years Ty2 had remained in the Vi form. On the other hand, 901 was an O-agglutinable strain from the time of first examination and cultures remained in the non-Vi state for 18 years until, in 1936, Kauffman succeeded in recovering the Vi form. T his enabled me to type 901 and I found it similar to Ty2. When Felix learned that both these strains were type El strains, he wrote to tell me that Ty2 and 901 were isolated from the same epidemic in Kherson, Russia, in 1918.
When war broke out Felix was transferred to the Emergency Public Health Service and I supplied him with my standard phage preparations and reference strains of S. typhi. Arrangements were made for all cultures of typhoid isolated in the constituent laboratories of the Emergency Public Health Service to be submitted to him for typing. In Britain the situation was somewhat different from some other parts of the world in which the method had been applied, for typhoid here had become less common, although endemic foci of unknown number, maintained by chronic carriers, remained a menace. Numerically, therefore, the scope for typhoid Vi phage typing was not very great. However, by 1943, Felix had typed 440 strains of typhoid from cases and carriers and had discovered four new phage types. In some instances his findings were followed by special epidemiological investigations conducted by the Ministry of Health. One of the most interest ing of these started with the recognition of a new type (D4) in a solitary case. During the following two years a further 19 cases of type D4 infection occurred scattered over four counties and ten administrative districts. Despite the dis tribution of these cases in time and place, the fact that they were due to the same unusual type of S. typhi indicated a high probability that they had a common origin. This, together with some evidence pointing to milk as a vehicle, finally led, step by step, to a farm in Wiltshire and to a milker carrying type D4. During 1941-43 , when large scale outbreaks of paratyphoid B fever occurred in Great Britain, Felix and Callow isolated and screened a con siderable number of para B phages. One of these appeared adaptable and they developed a phage typing scheme applicable to strains isolated from cases and carriers. At first these phages appeared to be as specific as the Vi phages of S. typhi and their action was assumed to be dependent upon the presence of the B Vi antigen. However, it was shown that the B Vi antigen is identical with the O-factor V of the Kauffman-White Schema and that the B Vi phages lyse some other Salmonella species lacking the B Vi antigen. When cross-neutralization tests were carried out, it was found that only three out of seven 'adapted' phage preparations were actually descendants or mutants of their original type I para B phage, the others being 'substitutes' derived from cultures carrying a 'natural' phage. The paratyphoid B phage typing scheme is, therefore, in large part a 'pattern' scheme and utilizes three serodistinct kinds of bacteriophage. It thus departs in principle from the typhoid scheme in which only phenotypic or genotypic mutants, serologically indistinguishable from the original No. 6 typhoid II Vi phage prepara tion, are employed. Despite the limitations of the paratyphoid B scheme, the stability and epidemiological significance of the types it distinguishes is of a high order and many workers in different countries have confirmed its reliability and usefulness.
Felix and Callow also attempted to isolate and adapt a bacteriophage for the typing of S.typhi murium. Initially Felix considered his scheme superio that of Lilleengen, in which randomly collected O bacteriophages were used. He was confirmed in his opinion by the results of comparative tests which they carried out together in the Colindale Laboratory. The two sets of results cut across each other and the logical conclusion seemed to be that both could not be of the same epidemiological significance. Later Felix con ceded that this was wrong and that it was possible to identify typhi murium strains from the same focus of infection by means of two entirely different series of bacteriophages which possess different lytic spectra and yield entirely different groupings of the strains.
In 1945, Felix visited Toronto and we discussed in detail all our observa tions on the phage typing of S. typhi. The matter that c the need for international standardization. We both feared that the adapt ability of typhoid II Vi phage, on which the typing scheme depended, could become the greatest menace to international exploitation of the method if inexperienced workers prepared their own supplies of typing phages from the reference strains supplied. Some, in so doing, had obtained preparations of modified specificity which their own limited tests failed to reveal. On one occasion this resulted in different type designations being allocated to strains from the same epidemic in two different states.
The problem was in fact much simpler than that of international stan dardization of sera or agglutinable suspensions for serodiagnostic tests; matters in which Felix had had much experience. Because of the stability of the type II Vi phage and the ease with which sufficient quantities of highly active standard phage preparations could be made, it was possible to prepare stocks which would serve not merely as reference standards, but as actual working reagents for a considerable number of years. I, therefore, proceeded to prepare and test by comparative differential titration a new set of typing phages starting with my original Vi phage II preparation and Felix did the same for his seven new types. These phage preparations were of such activity that, in some instances, the 100 ml. volumes prepared were estimated to be sufficient, disregarding inevitable wastage, for more than 108 separate tests. Together, in 1947, we published suggestions for the standardization of phage typing of S. typhi and recommended a typing scheme designed to accommo date new types which might be found later.
It would be impossible to pay too high a tribute to the part played by Felix in the developments that followed. With characteristic thoroughness he con sidered every point about our proposed scheme for the international stan dardization of enteric phage typing and arranged for a committee of experts to meet in Copenhagen during the IV th International Congress for Micro biology in July, 1947. The recommendations were adopted, the International Committee for Enteric Phage Typing was formed, and Felix's laboratory became the International Reference Laboratory, serving national labora tories in nine countries. By this time I had become engaged on work in another field and the burden of further development fell entirely on Felix. The work of the International Reference Laboratory increased. He went to infinite trouble in getting enteric phage typing organized in other countries and in helping workers in their initial technical difficulties. He received many visiting workers from abroad for training and his correspondence on technical matters grew to formidable dimensions. At the Rome Congress in 1953, he had the satisfaction of reporting that the total number of national and regional laboratories for enteric phage typing was 56, and was able to submit a comprehensive world survey of typhoid and para B types based on data received from countries participating in the scheme (published 1955 
